Abstract
Results
For the 7470 patients recruited, the multidrug-resistant tuberculosis (MDR-TB) rate was 2.1-fold (14.6% vs. 6.8%) higher than the national baseline level. The repeatedly admitted patients were more likely to have a resistance profile than the first-time-admitted cases in PLOS 
Introduction
Drug-resistant tuberculosis (DR-TB), especially multidrug-resistant tuberculosis (MDR-TB), has become a serious public health problem for the effective control of tuberculosis. China is one of several countries worldwide with a heavy burden of MDR-TB patients [1] . Extensive efforts have been made to prevent and control MDR-TB. Although China has achieved 100% coverage for the Directly Observed Treatment Short course (DOTS) strategy since 2007, the DOTS execution quality and DR-TB epidemic status have varied. Recently, the nationwide first-line antituberculosis drug (ATD) resistance rate was 36.8% [2] . While this number varied in different regions, in northeast China, it was 30.4% [3] ; in Xinjiang, it was 22.7% [4] ; and in Lhasa, Tibet, it was 63.1% [5] . Thus, local drug resistance surveillance is important to evaluate the tuberculosis epidemic status in different regions. Sichuan is located in southwest China, is a mountainous area and comprises a large migrant population. A recent local study indicated that the rate of MDR-TB patients in Sichuan was higher than the national level and higher than that in the fifth epidemiological investigation in Sichuan during 2010 [6] . However, surveillance data on the proportion of MDR-TB patients in Sichuan is limited [7] . Moreover, TB is one of the most common presenting illnesses and the leading cause of death among people living with HIV [8] . Until now, both TB-HIV coinfected patients (TB-HIV patients) and TB patients without HIV (TBw/oHIV patients) have been administered the same ATDs. TB-HIV patients have a higher risk of drug-related side effects and toxicity, which requires close monitoring and special care. The interactions between antiviral drugs and ATDs need more attention. To date, little is known about DR-TB isolated from HIV patients. The DR-TB and XDR-TB data in Sichuan need to be updated. Therefore, the aim of this study was to present the current drug resistance profiles of M. tuberculosis in Sichuan province by means of a retrospective analysis from January 2014 to December 2017. 
Materials and methods

Ethics statement
Study design
The study was a retrospective study analyzing routinely collected laboratory data.
Study population
Sichuan province lies in southwest China and is one of China's largest provinces, with a population of 89 million. This study was carried out at the Public Health Clinical Center of Chengdu (PHCCC). This institution is the authorized hospital for mainly treating TB and HIV patients, and it is the leading hospital of the Tuberculosis Hospitals Union in southwest China.
To avoid selection bias, this retrospective study enrolled consecutive culture-positive Mycobacterium tuberculosis cases that were confirmed and treated in the PHCCC between January 2014 and December 2017. HIV was diagnosed based on Chinese HIV and HIV Infection Diagnostic Criteria (WS293-2008). TB was diagnosed based on the Chinese Pulmonary Tuberculosis Diagnostic Criteria (WS 288-2017), the Chinese 'TB volume of clinical diagnosis and treatment guidelines' (Chinese Medical Association, 2005) and the updated WHO guidelines [9] . A total of 8087 strains with DST and species identification were collected in this study. Nontuberculosis mycobacteria (NTM) were excluded from this study. TB strains were separated by patient treatment history, patient age, and calendar year for further analysis.
min. The supernatant was discarded. Approximately 2 mL of PBS (pH 6.8) was added to resuspend the pellet. The sample was used for the MGIT 960 liquid culture inoculation, for the Roche solid culture inoculation, and for smear staining.
Drug sensitivity testing (DST)
The main drug sensitivity testing (DST) was conducted as follows: To avoid biosafety hazards, the DST was performed in a biological safety cabinet. The DST kit was obtained from AUTO-BIO diagnostics Co., Ltd. (Zhengzhou, China). According to the standard procedure of the manufacturer, each TB bacterial sample was first diluted to 1 McFarland unit (1 McFarland = 1 mg/mL) and then diluted with culture medium to the working concentration (10 −2 mg/mL).
In a 36-well plate, one well (usually the C7 well) was set as the p-nitrobenzoic acid (PNB) well. Another well (usually the C8 well) was set as the thiophene-2-carboxylic acid hydrazide (TCH) well. Another two wells (usually the D7 well and D8 well) were set as the reference (Ref) wells, which contained 500 μL of bacterial solution (10 −2 mg/mL). The remaining wells contained different drugs. Every two wells were for one drug; one well had a low concentration, and the other had a medium concentration. The drugs were used as follows: isoniazid (INH, 0.12 μg/mL and 0.25 μg/mL), rifampicin (RIF, 1.0 μg/mL and 2.0 μg/mL), streptomycin (STR, 1.0 μg/mL and 2.0 μg/mL) and ethambutol (EMB, 2.5 μg/mL and 5.0 μg/mL), and the 8 second-line drugs, including the fluoroquinolone drugs (Ofloxacin (OFX, 1.5 μg/mL and 2.0 μg/mL), levofloxacin (LFX, 1.5 μg/mL and 2.0 μg/mL), and moxifloxacin (MFX, 0.5 μg/mL and 1.0 μg/mL); the oral bacteriostatic second-line ATDs (Prothionamide/Ethionamide (PTO/ ETO, 2.5 μg/mL and 5.0 μg/mL) and Rifabutin (RFB, 0.5 μg/mL and 0.5 μg/mL); the secondline parenteral agents (injectable ATDs) Amikacin (AMK, 1.3 μg/mL and 2.5 μg/mL) and Capreomycin (CM, 1.3 μg/mL and 2.5 μg/mL); and the group 5 drug Clarithromycin (CLR, 2.5 μg/mL and 5.0 μg/mL). A total of 0.5 mL of bacterial solution (10 −2 mg/mL) was added into each well. After incubation at 37˚C for 5 days, the Ref wells were observed. If 1/3~4/5 of the Ref wells were covered by bacteria, 12 μL of reagent A and 25 μL of reagent B were added into each well for visualization. Then, the wells were observed after incubation at 37˚C for approximately 24 h. If the Ref wells were stained red and the PNB well was stained blue, the results were reliable. For the other wells exposed to different drugs, if both the medium-concentration and low-concentration wells were stained blue, the results were reliable. If the medium concentration was stained blue and the low concentration was stained red, the results were reliable. If the medium concentration was stained red and the low concentration was stained red, the result was invalid. For strain identification, both PNB and TCH were blue, indicating that the strain was bovine TB. Both PNB and TCH were red, indicating that the strain was nontuberculosis mycobacteria (NTM). PNB was blue, and TCH was red, indicating that the strain was human TB. Quality control was assessed with interlaboratory confirmation tests and evaluated annually by the national reference laboratory of China. Each batch of new drugs was examined with the reference strain H37Rv (ATCC 27294), which was susceptible to all standard ATDs [10] . During January 2014 to December 2017, all the DST kits used in this study were commercially available kits. In some batches, the concentrations of a few ATDs might have tiny variations. With quality assurance by both the company and the PHCCC, these variations were considered to be acceptable.
Definitions of drug resistance
The following definitions were used. Drug resistance was defined as resistance to at least one of the aforementioned ATDs. MDR was defined as TB resistance to at least isoniazid and rifampin. Pre-XDR was defined as resistance to isoniazid, rifampin and either the fluoroquinolones or one of the second-line anti-TB injectable drugs, but not both. XDR was defined as resistance to at least rifampin and isoniazid, as well as to any member of the quinolone family and at least one second-line anti-TB injectable drug (kanamycin, capreomycin, or amikacin).
GeneXpert MTB/RIF assay
In this study, approximately one-tenth of our patients who were willing to pay approximately 800 RMB for rapid detection received GeneXpert assay. One milliliter of respiratory specimens was mixed with approximately 2 mL of Xpert "Sample Reagent," shaken for 1 min and digested for 15 min at room temperature with intermittent shaking. After processing, a 2 mL sample was transferred into the open port of the Xpert cartridge. After the test was initiated, reports were automatically generated approximately 1.5 h later.
Statistical analysis
Data were analyzed using SPSS Statistics Client 19.0 (SPSS Inc., Chicago, IL, USA). Continuous variables were expressed as the median or mean ± standard deviation (S.D.), and categorical variables were expressed as the number and percentage. Comparisons between groups or subgroups were performed using Student's t-test for continuous variables, the χ2 test or Fisher's exact test for categorical variables and the Wilcoxon rank-sum test for nonparametric data. The level of significance was set at P < 0.05.
Results
General information
Between January 2014 and December 2017, apart from 617 non-Mycobacterium tuberculosis cases, a total of 7470 culture-confirmed Mycobacterium tuberculosis cases were reported, of which 197 had HIV coinfections (TB-HIV group) that were clinically diagnosed (Fig 1) .
There were 4955 men and 2318 women in the TB without HIV infection group (TBw/ oHIV group) and 175 men and 22 women in the TB-HIV group. Compared with the TBw/ oHIV group, TB-HIV coinfection was higher in men than in women (P < 0.05). The mean ± S.D. age of all patients was 42.3±19.2 years. Approximately 88.8% of cases (6631/7470) visited PHCCC for the first time for TB treatment (the first-time-admitted group), and whether these patients received TB treatment previously was not recorded. Approximately 11.2% (839/7470) were repeatedly admitted to PHCCC for TB treatment (the repeatedly admitted group).
Positivity rates of acid-fast bacilli smears
Significantly lower positivity rates of acid-fast bacilli (AFB) smears were found in all TB-HIV patients (26.4% vs. 37.9% , Fig 2) , the first-time-admitted TB-HIV patients (28.8% vs. 37.4%, P<0.05, Fig 2) , and the repeatedly admitted TB-HIV patients (17.1% vs. 42.0%, P<0.05, Fig 2) than in their counterparts in the TBw/oHIV group.
Overall drug resistance patterns
The drug resistance patterns of the TB-HIV group and TBw/oHIV group are shown separately by treatment history (first-time-admitted patients, repeatedly admitted patients, and all patients) in Table 1 .
Regarding the first-line ATDs, the repeatedly admitted TB-HIV patients had lower resistance rates to INH than the repeatedly admitted TBw/oHIV patients (24.4% vs. 41.5%, P<0.05, Table 1 ). Moreover, the RIF-resistant TB strains in the TBw/oHIV group were more likely to also be resistant to INH in the repeatedly admitted group than in the first-time admitted group (P<0.05, Table 1 ).
Regarding the second-line ATDs, the drug resistance rates to CM in all TB-HIV patients (2.5% vs. 0.9% P<0.05) and the repeatedly admitted TB-HIV patients (7.3% vs. 1.8%, P<0.05) were significantly higher than those in the TBw/oHIV group.
Moreover, a total of 103 cases were confirmed to be XDR-TB (1.4% of 7470 culture-confirmed TB cases; 9.5% of 1088 MDR-TB cases, Table 1 ).
The proportion of XDR in all TB-HIV patients was statistically higher than that in all TBw/ oHIV patients (3.6% vs. 1.3%, P<0.05). Subgroup analysis showed that the first-time-admitted TB-HIV patients also had a higher XDR rate (2.6% vs. 1.0%, P<0.05) than their TBw/oHIV counterparts. The results also demonstrated that the proportion of MDR-TB cases with XDR-TB (XDR-TB/MDR-TB) among all TB-HIV patients was significantly higher than among the TBw/oHIV patients (7.3% (7/96) vs. 2.2% (23/1065), P<0.05). Subgroup analysis showed that the first-time-admitted TB-HIV patients also had a higher proportion of XDR/ MDR (6.2% (4/65) vs. 1.8% (15/832), P<0.05) than their TBw/oHIV counterparts.
When compared to the whole profile containing 4 first-line ATDs and 8 second-line ATDs, the Wilcoxon rank-sum test revealed that the repeatedly admitted patients were more likely to have a resistance profile than the first-time-admitted cases in both the TBw/oHIV group (P<0.05, Fig 3A) and the corresponding TB-HIV group (P<0.05, Fig 3B) . No significant difference was found between the first-time-admitted TB-HIV patients and the first-time-admitted TBw/oHIV patients. However, significantly lower ATD resistance was observed in the repeatedly admitted TB-HIV patients than in the repeatedly admitted TBw/oHIV patients using the Wilcoxon rank-sum test (P<0.05, Table 1 ).
Drug resistance profiles of different age groups
Patients of different ages were mainly divided into 4 groups: the <25-year-old group, the 25~44-year-old group, the 45~64-year-old group and the >65-year-old group.
As shown in Table 2 , when the TBw/oHIV patients and the TB-HIV patients were compared, the <25-year-old TB-HIV patients had a significantly higher XDR proportion (9.1% vs. 0.7%, P<0.05, Table 2 ) than the <25-year-old TBw/oHIV patients. The 25~44-year-old TB-HIV patients had a significantly higher XDR proportion (5.2% vs. 2.4%, P<0.05, Table 2 ) than the 25~44-year-old TBw/oHIV patients. In contrast, the 45-to 64-year-old TB-HIV patients had a significantly lower proportion of any drug resistance rate (21.3% vs. 44.6%, P<0.05, MDR-TB, multidrug-resistant tuberculosis. 1 TB-HIV coinfected patients, the first visit to PHCCC for treatment, n = 156; 2 TB-HIV coinfected patients repeatedly admitted to PHCCC for treatment, n = 41;
3 All TB-HIV coinfected patients who attended PHCCC for treatment, n = 197; 4 TBw/oHIV patients, the first visit to PHCCC for treatment, n = 6475; 5 TBw/oHIV patients repeatedly admitted to PHCCC for treatment, n = 798; 6 All TBw/oHIV patients who attended PHCCC for treatment, n = 7273.
# : Resistant to at least one drug. Table 2 ). When the 4 first-line ATDs and 8 second-line ATDs were taken as a whole in the Wilcoxon rank-sum analysis, among TB-HIV patients, the 45~64-year-old TB-HIV patients had the highest resistance profile, which was significantly higher than that of the <25-year-old TBw/ oHIV patients (P<0.05, Table 2 and Fig 4) . Additionally, among TBw/oHIV patients, the 25~44-year-old TBw/oHIV patients had the highest resistance profile, which was significantly higher than those of the <25-year-old TBw/oHIV patients (P<0.05), the 45~64-year-old TBw/ oHIV patients (P<0.05) and the >65-year-old TBw/oHIV patients (P<0.05, Table 2 and Fig  4) . The 45-to 64-year-old TBw/oHIV patients had the second highest resistance profile, which was significantly higher those the <25-year-old TBw/oHIV patients (P<0.05) and the >65-year-old TBw/oHIV patients (P<0.05, Table 2 and Fig 4) .
Drug resistance profiles of different years
Patients in different years were divided into 4 groups (2014, 2015, 2016, and 2017) .
When the 4 first-line ATDs and 8 second-line ATDs were taken as a whole in the Wilcoxon rank-sum analysis, in the TBw/oHIV group, the patients in 2014 had the highest resistance profile, which was significantly higher than those of the TBw/oHIV patients in 2015 (P<0.05, Table 3 and Fig 5A) , 2016 (P<0.05, Fig 5A) and 2017 (P<0.05, Fig 5A) . In addition, the resistance profile of the TBw/oHIV patients in 2015 was higher than those of the TBw/oHIV patients in 2016 (P<0.05, Fig 5A) and 2017 (P<0.05, Fig 5A) .
On the other hand, in the TB-HIV group, the patients in 2014 had the highest resistance profile, which was significantly higher than those of the TB-HIV patients in 2016 (P<0.05, Fig  5B) and the TB-HIV patients in 2017 (P<0.05, Fig 5B) . Additionally, the resistance profile of the TB-HIV patients in 2015 was higher than those of the TB-HIV patients in 2016 (P<0.05, Fig 5B) and 2017 (P<0.05, Fig 5B) .
As shown in 
Performance characteristics of the GeneXpert assay
Of the total of 7470 culture-confirmed Mycobacterium tuberculosis cases, 815 cases received a GeneXpert assay, and 3 of these GeneXpert assays failed. The GeneXpert TB-positive rate in the TBw/oHIV group was higher than that in the TB-HIV group [81%(639/792) vs. 65% (13/ 20) , P = 0.08]. As shown in Table 4 , of all 812 cases with DST results and GeneXpert assay data, 148 cases were identified as involving RIF-resistant TB according to the conventional culture method. In comparison, with the GeneXpert assay, a total of 120 cases were found to 
involve RIF-resistant TB. The sensitivity, specificity, positive predictive value (PPV) and negative predictive value (NPV) of Xpert MTB/RIF in the detection of RIF resistance in comparison to those of the conventional phenotypic drug susceptibility technique were found to be 81.1%, 94.6%, 76.9% and 95.7%, respectively (Table 4) . Similar results were also found in the 
TBw/oHIV group. Among all cases, the agreement in results between Gene Xpert MTB/RIF and the M960 system was 92.1% and the Kappa value was 0.74. Notably, in TBw/oHIV cases, the agreement was 92.3% and the Kappa value was 0.75. In TB-HIV cases, the agreement was 85.0% and the Kappa value was 0.32.
Discussion
To our knowledge, this is the first study to examine DR-TB trends over a recent period of time (January 2014 to December 2017) in Sichuan, China. And there is insufficient information about the performance of the GeneXpert assay among TBw/oHIV patients and TB-HIV patients in southwest China. The data were collected in PHCCC, which is also called Chengdu Tuberculosis Control Hospital. This is the leading Tuberculosis Hospitals Union with the most accurate measurements and standardized treatment in southwest China.
General DR-TB in Sichuan
Tuberculosis, a refractory disease, has always been the focus of disease control and prevention in China. In our study, we analyzed the data from four-year consecutive TB patients and found that the TB drug resistance status was more serious than imagined in Sichuan and that Drug resistance characteristics of M. tuberculosis in Sichuan the drug resistance rate was higher than that at the general level in China; this was especially true for the MDR resistance rate, which was approximately 2 times higher than that at the national level (14.6% vs. 6.8%) [2] . Our data suggest that the prevalence of MDR-TB in Sichuan is serious. The high burden of MDR-TB cases in Sichuan might be due to the mountainous and remote geographic characteristics of the region, the underdeveloped economy, the large migrant population, the relatively low average educational level, the unstable quality of DOTS, an inability to obtain timely and effective treatment, and poor infection control [11] [12] [13] .
Concerning treatment history, in our study, the proportion of MDR-TB among all cases was 14.6%, which was also higher than the national level (10%) [14] and the global level (6.2%) [1] . In recent years, several studies have investigated local TB resistance rates throughout the country. The results indicated that the MDR rate ranged from 7.68% to 24.13%, among which the resistance rate of the first-time-admitted cases was 3.68~19.49%. The resistance rate of repeatedly admitted cases was 22.50~42.45%. More results based on large multicenter investigations are still needed.
MDR-TB/XDR-TB status
In this study, the proportion of MDR-TB cases with XDR-TB was 9.0% for the TBw/oHIV group, 30.4% for the TB-HIV group, and 9.5% (103/1088) for all patients. A recent DR-TB survey in Sichuan from 2011 to 2015 demonstrated that XDR-TB patients accounted for 18.1% of MDR-TB patients [6] . The difference might be mainly explained by the different study periods (2011-2015 vs. January 2014-December 2017), study subjects (6158 smear-positive patients vs. 7470 isolated cases with only 2811 smear-positive cases), the sampling regions (12 cities and 108 counties in Sichuan vs. the PHCCC), and other factors. In contrast, the XDR-TB in our results (9.5%) was lower than that in the results from Tang, in which XDR-TB cases accounted for 28.8% of MDR-TB cases. In this report, data were collected from different areas of China [15] . Recently, a retrospective study showed that XDR-TB accounted for 27.9% of MDR-TB in Shandong Province, which is located in eastern China [16] . Another study from Hunan Province, which is located in the center of China, showed that XDR accounted for only 2.1% of MDR-TB. Geographical variation might be considered an impact factor for the ratio of XDR-TB/MDR-TB. Our study revealed that in Sichuan province, the ratio of XDR-TB in the TB-HIV group was significantly higher than those in both the TBw/oHIV group (30.4% vs. 9.0%, P<0.05) and all TB patients (9.0% vs. 10.1%, P<0.05). XDR-TB might still be underestimated in southwest China. Thus, this study might be helpful as an alert for the inefficient TB control and management of XDR-TB in southwest China. These results indicate that TB-HIV patients, especially the <45-year-old group, might be at high risk of XDR-TB. Thus, it is necessary to pay more attention to TB-HIV patients and strengthen the management of their treatment process to improve their cure rate.
Regarding the different age groups of TBw/oHIV patients, the 25~44-year-old TBw/oHIV patients had the highest MDR and XDR proportions and the highest resistance profile. The 45-to 64-year-old TBw/oHIV patients had the second highest resistance profile. Unsurprisingly, the drug resistance cases were more likely to be found in the 25~44-year-old group and 45~6-year-old 4 group. Sichuan is one of the largest labor output provinces in China. The total labor output increased from 24.14 million in 2012 to 24.91 million in 2016 [17] . People aged 25~44 years and 45~64 years are the major labor force. These people are characterized by strong mobility, more exposure factors, and less compliance, which subsequently results in incomplete and nonstandard treatment. For this reason, they may become an important source of infection by drug-resistant tuberculosis.
The DR-TB status for different years
Regarding different years, the ATD-resistance profile of the TBw/oHIV patients presented as 2014>2015>2016�2017 (Fig 5A) . In parallel, the same trend was observed for the TB-HIV patients: 2014>2015>2016�2017 (Fig 5B) . These data indicate that the control of drug resistance is strengthened, and the effort to combat tuberculosis is effective in Sichuan. However, we are a long way from winning this battle.
The DR-TB status in HIV patients
Our valuable clinical data contains 197 recruited TB-HIV patients. This will help us understand and prevent tuberculosis drug resistance among TB patients who are coinfected with HIV. TB-HIV coinfection has always been associated with high rates of TB drug resistance [18] . To our surprise, all TB-HIV patients had a lower drug resistance rate than all TBw/oHIV patients (44.2% vs. 52.9%, P<0.05, Table 1 ). Moreover, the Wilcoxon rank-sum test showed that the general drug resistance rates in the repeatedly admitted TB-HIV patients were less serious than the repeatedly admitted TBw/oHIV patients (P<0.05, Table 1), and there was no significant difference between the first-time-admitted TB-HIV patients and the first-time-admitted TBw/ oHIV patients. This finding indicated that the TB-HIV patients, especially the repeatedly admitted group, might receive better medication than the TBw/oHIV group. In addition, the TB-HIV patients showed lower resistance rates to INH than the regular TB patients. Whether some TB-HIV patients refused to receive INH because of its side-effect [19] or whether antiviral drugs can increase the efficacy of INH remains unknown. Our results suggest that INH can be more effective as a routine tuberculosis medicine for TB-HIV patients than for TBw/oHIV patients in Sichuan. However, HIV patients account for only a small percentage of the total sample size, and more research with a large population is needed to obtain more accurate data.
Variations in the AFB smear positivity rate among different groups
First, we found that the positivity rate of the AFB smear in TB-HIV patients was significantly lower than that in the TBw/oHIV patients (P<0. 05, Fig 2) . Our result is similar to that of a previous report. Palmieri found that compared to HIV-negative patients, TB patients with HIV more often present with negative AFB sputum smears [20] . Thus, when the AFB results are negative, more detections are needed to exclude the possibility of TB infection, especially in patients with a high risk of HIV.
Evaluation of GeneXpert for detecting RIF resistance of respiratory Mycobacterium tuberculosis
In Sichuan, GeneXpert assays were performed at patients' own expense, with a cost of approximately 110USD for one person. This expense might be the main reason why of the total of 7470 culture-confirmed TB cases, only 11% received the GeneXpert assay.
The GeneXpert assay has high sensitivity and specificity for the diagnosis of TB, especially for TBw/oHIV patients [21] , which was confirmed in our study. However, we found that for TB-HIV patients, the GeneXpert TB-positive rate was significantly lower than that in TBw/ oHIV patients [65% (13/20) vs. 81% (639/792), P<0.05]. Thus, Xpert MTB/RIF Ultra, whose sensitivity was superior to that of the GeneXpert assay, was recommend for TBw/oHIV patients [22] .
In our study, the agreement between the GeneXpert assay and the M960 system with respect to RIF resistance was substantial in TBw/oHIV cases (92.3%; Kappa value, 0.75) but only fair in TB-HIV cases (85.0%; Kappa value, 0.32), indicating that the GeneXpert assay is a simple, rapid, and accurate test for detecting RIF resistance in TBw/oHIV patients, whereas the accuracy of GeneXpert is inadequate in patients with HIV for the detection of RIF resistance.
In our study, 28 cases were negative with GeneXpert assay but positive with the M960 system (Table 4 ). The reason why RIF resistance of some TB cases was detected by the M960 system but not by the GeneXpert assay may be that five rpoB molecular beacons used in GeneXpert could detect mutations responsible for approximately 95% of RIF-R [23] , while some TB cases might involve new mutants that could not be detected by the GeneXpert assay. Additionally, the GeneXpert assay requires approximately 130 bacilli/mL of samples, whereas M960 culture requires as little as 10 to 100 bacilli/mL [24] . Thus, the concentration of TB in certain samples might be under the detection limit of the GeneXpert assay. However, 36 cases were positive according to the GeneXpert assay but negative according to the M960 system (Table 4) . We assumed that the DNA of live and dead TB could both be detected by the GeneXpert assay, while only living TB could be detected by the M960 system. Some living TB might have been extinguished by sodium hydroxide in the pretreatment step and thus could not be identified by the M960 culture method.
Limitation
Limitations of our findings were as follows. First, because the study was based on a retrospective study design, we did not have contact with the patients, some important variables which related to the underlying causes of drug resistance, including detailed TB treatment histories; the type of medications; the side effects of the drugs; blood test results, such as hemoglobin and liver function; and detailed molecular typing data were not available in the registers. Second, this study was carried out in 1 provincial hospital in Sichuan. We did not include data from CDC clinics, other hospitals or other health facilities. Third, the DST panel does not include all ATDs. This might have led to an inaccurate estimation of the overall TB status in Sichuan province.
Conclusion
This study summarizes the most recent DR-TB status against first-and second-line drugs in TB patients with and without HIV coinfections in Sichuan province, China. Although the status of ATD-resistance has improved since 2014 (Table 3 and Fig 4A and 4B) , it remains severe, especially for the prevention of MDR-TB in TBw/oHIV patients and XDR-TB in TB-HIV patients (Table 2) . ATDs constitute future key strategies for controlling TB in Sichuan. Our findings indicate that TB-HIV patients and TBw/oHIV patients might have different ATDresistance profiles and need different treatments. GeneXpert assay might be more suitable for TBw/oHIV patients than for TB-HIV patients. Further detailed genomic analysis is required to evaluate transmission patterns and mutations that may affect resistance to ATDs.
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